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PIRR R AT A R AN 2 B, AT T IR 31 -
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NIE R B P08 A 5 A B A 220 1 ] P9 MBS i R e BRI I A7 A — 5 B R BR A

X — R AR B R AR A (LA A B AR E
AP 2 A0 2 P e P I 72 e o B2 ) A 555 1 2 A O 22, IR BRAE AN T S ) 2 F

fop —

25—, R

fi B2 7 R R PG B8 5 R IR B BB W /N T A D7 2205 R R 288, — 2 R EIIE 1 S
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*2 A IR
S BR AR W S &k

GIR GJRSK GJR GJRSK

5 0.141 %% 0.119%x 1.656%#% 1.403%%%
0 (0.000) (0.000) (0.000) (0.000)

5 0.1045% 0.075%%* 0.109%* 0.111 %%
] (0.000) (0.000) (0.000) (0.000)

5, 0.870% 08745 0.836%* 0.819%
(0.000) (0.000) (0.000) (0.000)

5 0.039% 0.049% 0.044 %% 0.041 %5
’ (0.000) (0.000) (0.004) (0.000)

) 0.019%x 0.016%+*
0 (0.000) (0.000)

, 0.029% 0.03 1%+
' (0.000) (0.000)

, 0.495%* 0.625%+*
: (0.000) (0.000)

5 1.073%%% 1,087
0 (0.000) (0.000)

5 0.048%* 0.025%
! (0.000) (0.000)

5 0.449%3#5 0.564%
’ (0.000) (0.000)

InL ~5203.043 -5459.183 -4257.931 -4392.331

T e ok D B R RAE 1% 5% 10% 8 B EKFEF, HZFRHF R TR ENDFRPE. InL
A HE B BRI AR AR A THE
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PARRF— 0, F B M 25 1 Ay 22BN, LA PO AN 2% (R0 B o [T AE 3 m . #5722
S RARUAC 2 H ARG o (R0 A i A ) ARE 3t g R Iﬁt,ﬁﬁi}%ﬁi%qﬂlﬁlﬂﬂ“ﬁﬁgmﬁ
DRSS == B JXUISS: R 7] B 2R XU o

55 WRTIT A A A T 37 , i T I R A LA B 22 5 XU R T R i, A
Sy IR S Bl 2 T A B T 3 R AR St I Sl A AT AR A v L AR M EDIE T IX — R A
KRR 14 2013 45 5 B B AR o g 2 SR 9] - — 5 T, I 29 B0 H (R4 4 30 H ) 454k
Al Ly SR 58 5 1 TR R 5 55— TV 2 5 R A ATUA 2 8 2 S B A
U501 (Deeney et al.,2016; Jia et al.,2016) , BT A1 = BAFEATZS 0T 10 ECAIUL IOFE T 75
SE (2 ) B REIRAE 5 T g SR 2 3 T FCARFA 32 (3 ) R A S AT (4 ) |
oA AE A L2 (5 A %

55 =, FURG E P ANR T 3738 BREE MBI , i LS e F s o 3 Ak ok ) st v
INZ 7255 32 BIHERCA S BUNBOR | E bR R IS 2 07 T 1 vy, S0 B S 046 e
SUBRIL ST AR B TR ZURAT E (B 8l . AR SR SEUEZS SR B A 228 L BB

B F AL U I DT IS 25 2R A S A (=) AR A DA B (DU ) LA 40 5
BASRHIE I, BT 2 5 8 AN 020K F 60 B AE BRSS9 1E 5 Sl Bl 2 Dy L i 25 1
R XS FRIBE B R Siiipl 3[R A O 1
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3 1% K E TR EEFdL ik % VaR Fiill 45 R

ARV B, JE T GIR AR 5 GIRSK BRI B 1 VaR FU{E 22 SR 7 B, 2RI —
WA 1 GIR A6 UL - 454 Bl VaR BOMBTIE] . T ES A FINZE 5 5 10— 30, A PR . 24
SR EAGB T AT RERSEIE IO T A T S 5 AT

(Z)RHAHER

F 3 MR 40 T REASN VaR FES B0 9 J5 56 A . 223, N(q). LR il
LR™ 3 FH 6 36 JRURS: T0UNORG B2 1) 5 3 o B b o o, “N( g )" I N FoR g 43 Bi7KF T 52
BRI BRI 2 5 3 X P AR VaR 19 & 25 A58, T N THTRG -5 v P50 SR A e i 25 8 ek
VaR (IREL; LR 1 LR™ 5 I3 AR S B w30 5 25 P S A 00, SIEZS B b i 87 A
OG5 14 S 2 P

TR 3 I 4 B IS B o B4 2R al DL HY

(1) Xof RN 5tk T 37 A 158, 2% g B S A ) GIRSK R 1 BL i 50 B 4 8 3
B GIR B2 SO VaR AT ES BUPKE FE , 322 IUAE « R BB AL 5 504G 50 (R B0 1 HH BAE
F GIR ST [ 350 25 5 v 5 CIRSK ASE Y IRUAS (1 i AL 25 26 4 VaR (1 SEBR 850 5 B B HCIR 1
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*3 AR VaR T 89 5 B A7 4 R
. N BR H b B T
GIR GJRSK GIR GJRSK
N(10%) 16(25) 24(25) 34(23) 22(23)
10% LR"™ 0.046 0.848 0.028 0.775
LR™ 0.970 0.707 0.049 0.610
N(5%) 10(12) 11(12) 26(12) 11(12)
5% LR*“ 0.461 0.667 0.000 0.844
LR™ 0.403 0.596 0.492 0.252
N(2.5%) 9(6) 5(6) 20(6) 5(6)
2.5% LR“ 0.290 0.607 0.000 0.723
LR™ 0.317 0.585 0.326 0.572
N(1%) 7(2) 2(2) 12(2) 1(2)
1% LR“ 0.019 0.747 0.000 0.323
LR™ 0.524 0.857 0.252 0.926
N(0.5%) 6(1) 0(1) 10(1) 1(1)
0.5% LR" 0.002 0.114 0.000 0.875
LR™ 0.585 0.928 0.342 0.926

EoRPATEARENETFETRART LD

* 4 FEARSNES TN 89 5 36 494 45 R
B T WA 10% 5% 2.5% 1% 0.5%
‘ GJR 0.003 0.004 0.007 0.020 0.026
BR B
GJRSK 1.000 0.999 0.937 0.744 0.748
o GJR 0.000 0.000 0.001 0.001 0.017
Pl A
GJRSK 1.000 1.000 0.998 0.984 0.942

ERFRFAESERBRPME, ZEAKX, XA EEA T HWESEE L EE.

(2) GIRLAIAE 5% 109 1) 53 5r UK R b S BUS T ANEE (19 TIINRS B , (R0 B s s
(4 RS R L CHE AN 1% ,0.5%55 ) , GIR RS [ 2Tl B8 110 B o Ul BHUSAS 8 50m B AR ik )
B AT LA Al AR i T 4 04 1 38 o, (ELIE: TG et DRk 7 37 342 S8 K U8 s JOrts >F ) i it 461
RPEAE AT 20 o BEAh , GIR BT KR B Atk i 3 4 TR B b e i i, — A
{1 D R ARG ) T 3 Tt 8 1 R B e A+ B AR e 0 P 15 00 B o 2
(3)FR 31, FAEE T GIR B 5 GIRSK BB HAS ) J ok B P A1 3 s X8 oL A A B 7K
- CHE IR B i 11 30 1% .2.5% 1 5% 19 43 80K ) U106, 10 SR B 2 e — g sl il
X T 3 1 DRSS TR 2 264 707, AR A T BB 2l Al SR IR B0 . DRI, 345 8 B v o
FIATSERZEIR | T B — 2L AN RIS TR (1 TG B R 7 S % L o
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FITLAF DY B A GIRSK A ARUAAS N itk i1 37 S B B¢ Sl R A B0 4 1A 749 20 T R T T
25 BT AR 8 YA R SR B B T T AR A R 3 KR TORS 5 . SCUESS IR, iR
FEXT IR T iR BT T 3, 7™ ) XRG4 HEAT 0 SR 5 e RN 25 S 22 i e
PR AR

(M) Rl ne

IPRUERFE S5 Y i PT R , 4521 ok AV 7 THT R TRR A PEAG 0 1758, 2 H] Lin 55 (2014) Al
Lyu 55 (2017 ) 80 | 388 320 A2 A A T 00 DX ] Sk 36 TF IXURS: T A DG 25 18 (R fidk v , 3 FLH
REAR SN TN DX 0] A4 DRI SC A —4F- 38 T 28 B4, BIHT AOARR ARSI X 18] 4 2020451 H 2 H
22021412 7 20 H 3 HK iz 155 —Fhveg F B3 3 % Ry o 52w SO e o sl #2

x5 AR VaR UM # 4F 80 5 B AT 25 R
. N BR % %
GIR GJRSK GIR GJRSK
N(10%) 32(51) 50(51) 53(47) 46(47)
10% LR 0.003 0.917 0.373 0.865
LR™ 0.400 0.563 0.187 0.878
N(5%) 20(25) 24(25) 40(24) 23(24)
5% LR™ 0.258 0.781 0.001 0.907
LR™ 0.813 0.818 0.730 0.825
N(2.5%) 15(13) 12(13) 30(12) 11(12)
2.5% LR*“ 0.520 0.846 0.000 0.817
LR™ 0.457 0.408 0.434 0.428
N(1%) 12(5) 4(5) 19(5) 4(5)
1% LR™ 0.009 0.620 0.000 0.736
LR™ 0.445 0.752 0.206 0.743
N(0.5%) 10(3) 2(3) 17(2) 1(2)
0.5% LR™ 0.000 0.726 0.000 0.317
LR™ 0.525 0.850 0.259 0.896

EoRPATXARENETFETRARTERER

*6 FEARSNES T 7 47 6 J5 3o oA 45 2R
B T 3 WA 10% 5% 2.5% 1% 0.5%
GIR 0.000 0.000 0.000 0.003 0.005
ek i
GJRSK 1.000 1.000 1.000 0.995 0.996
o GIR 0.000 0.000 0.000 0.000 0.000
bk T 3
GJRSK 1.000 1.000 1.000 1.000 0.999

ERPEFAESERB L PE, ZEAA, A MAZR T HNWESEREE LG
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Forecasting VaR and ES of Carbon Market Based on the
Time-Varying Higher-Moments Model

Du Kunhai* , Huang Xun”

(a:Economics School of Xihua University; b: Business School of Chengdu University )

Abstract: It is a key issue in the development of carbon market to accurately describe the market’ s volatility char—
acteristics and market risk. In this paper, the EU ETS and Beijing carbon market are taken as examples. Firstly, the
GJRSK model is used to comprehensively investigate the time—varying characteristics of the variance, skewness and
kurtosis of the carbon return. Then, based on rigorous backtesting method, we compare the forecasting accuracy in the
VaR and ES between GJR model and GJRSK model. The results shows that the variance, skewness, kurtosis of two
carbon returns have notable time—varying characteristics, and the volatility of the variance, skewness and kurtosis are
synchronized. Compared with GJR model, GJRSK model, which can describe the time—varying characteristics of high—
er—moments of carbon return, have significantly higher VaR and ES forecasting accuracy. Finally, this paper puts for—
ward effective suggestions for the construction and development of the national carbon market and provides important
experience reference for China to successfully achieve the 3060 dual carbon target.

Keywords: Carbon Market; Time—Varying Higher—Moments; Risk Forecasting; Backtesting
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